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Description

[0001] The present invention relates to a method of
manufacturing an adhesive sheet for laser dicing accord-
ing to the preamble of claim 1 (see for example,JP
5/175332A), used for supporting and fixing a workpiece
when forming a reformed region inside the workpiece by
light absorption ablation of laser beam and separating
into individual pieces. The invention also relates to a man-
ufacturing method of small pieces of element by sepa-
rating into individual chips by light absorption ablation of
laser beam by using various workpieces, such as circuit
board, semiconductor wafer, glass substrate, ceramic
substrate, metal substrate, light emitting or detecting el-
ement board of semiconductor laser, MEMS substrate,
and semiconductor package.

Description of the Related Art

[0002] In manufacturing process of semiconductor re-
lated products, various circuits are formed on a substrate,
and the surface is treated, and then the semiconductor
substrate and the like is cut and separated (diced) to
manufacture small pieces of element (for example, sem-
iconductor devices, etc.). Specifically, an adhesive sheet
is glued to the substrate, the substrate is diced by using
a blade, and the adhesive sheet is expanded to separate
into small pieces of element.
[0003] Recently, causing a little heat damage, the dic-
ing method of a semiconductor substrate by light absorp-
tion ablation by using a laser beam capable of processing
at high precision has been noticed as precise cutting
method.
[0004] Technically, for example, a method is proposed
for supporting and fixing a workpiece on a dicing sheet,
and dicing the workpiece by means of a laser beam (JP-
A- 2002-343 747). The dicing sheet is composed of a
base material including a support sheet, and an adhesive
layer disposed at one side surface of the base material,
and the adhesive layer can be cut off by laser beam, and
the support sheet cannot be cut by laser beam.
[0005] Another method is proposed for dicing a semi-
conductor wafer by combining a water microjet and a
laser (JP-A-2003-034 780). On one side of a base ma-
terial, a non-radiation curing type adhesive layer and a
radiation curing type adhesive layer are disposed, and
the base material allows to pass jet water stream of water
jet, and the non-radiation curing type adhesive layer is
interposed between the base material and the radiation
curing type adhesive layer, according to this adhesive
tape for laser dicing.
[0006] A further proposal is a laser processing method
comprising a step of fixing a workpiece to be processed
on a sheet of an adhesive surface, and a step of emitting
laser beam by focusing on a spot inside the workpiece
to be processed, and forming a reformed region inside
the workpiece to be processed along an intended cutting
line of the workpiece (JP-A-2003-033 887).

[0007] When emitting a laser beam, in order to form a
reformed region at a uniform height inside the workpiece
(the workpiece to be processed), it is required to focus
the laser beam precisely in the intended area. In dicing
by using an ordinary blade, thickness fluctuations of the
workpiece of about several microns do not matter, but in
the case of laser dicing, thickness fluctuations of the
workpiece of about several microns may cause to deviate
the focusing region of laser beam, and height of reformed
region is not uniform, and height fluctuations in the re-
formed region may make it difficult to separate the work-
piece into individual chips.
[0008] A certain laser dicing apparatus is equipped
with a height adjusting mechanism, and the problem as
described above may be solved by using such apparatus,
but it takes much time in fine adjustment of height, and
the production efficiency is poor, and it is not practicable.
A workpiece having a large curvature may be machined
somewhat by the laser dicing apparatus, but a workpiece
having small undulations cannot be machined by the la-
ser dicing apparatus.
[0009] Further, when separating into chips by expand-
ing, depending on the adhesive sheet to be used, only
the peripheral area of the sheet is expanded and the cen-
tral area of the sheet is not expanded sufficiently, the
central chips may not be separated neatly into individual
pieces.

SUMMARY OF THE INVENTION

[0010] It is hence an object of the invention to present
a method of manufacturing an adhesive sheet for laser
dicing capable of dicing the workpiece into individual
chips securely at high production efficiency when forming
a reformed region inside the workpiece by light absorp-
tion ablation of laser beam, and its manufacturing meth-
od. It is also an object of the invention to present a method
of manufacturing small pieces of element securely at high
production efficiency by using the adhesive sheet for la-
ser dicing.
[0011] The inventor has accumulated intensive studies
to solve the problems, and has discovered that the ob-
jects can be achieved by manufacturing the adhesive
sheet for laser dicing (hereinafter called adhesive sheet)
described below, thereby completed the invention.
[0012] That is, the invention relates to a method of
manufacturing an adhesive sheet for laser dicing as de-
fined in claim 1.
[0013] The adhesive sheet is laminated to the attrac-
tion stage side (laser beam exit side) or laser beam inci-
dent side of a workpiece before laser processing of work-
piece by light absorption ablation of laser beam, and is
used for supporting and fixing the workpiece (small piec-
es of element) in dicing and subsequent respective proc-
esses.
[0014] The inventor has estimated the cause of failure
of dicing the workpiece into individual chips to be present
in the adhesive sheet used for supporting and fixing the
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workpiece. As discovered by the inventor, if the base
material surface of the adhesive sheet has convex parts
of width (W) of 20 mm or less and height (h) of 1 Pm or
more, or concave parts of width (W) of 20 mm or less
and depth (d) of 1 Pm or more, when the adhesive sheet
is glued to the workpiece, the flatness of the workpiece
may be disturbed by the effects of undulations, and the
focusing region of laser beam may be deviated, and the
height of the reformed region formed inside the work-
piece is uneven, and thereby the workpiece cannot be
diced neatly into individual chips.
[0015] Such undulations are considered to be formed
in the manufacturing process of adhesive sheet. For ex-
ample, in heat treatment process for stabilizing the char-
acteristics of the adhesive, the base material partly
shrinks to form undulations. Or in the process of heating
of rolled laminated sheet (adhesive sheet) or storing the
adhesive sheet in rolled state, the base material surface
not contacting with the adhesive layer adheres to the
smooth separator for protecting the surface of adhesive
layer, and as pressure is applied to the separator, the
base material is deformed to form undulations.
[0016] Fig. 1 is a schematic diagram showing a section
of adhesive sheet. As shown in Fig. 1, the width (W) of
convex part is the maximum interval (mm) from the start
point to end point of convex part, and the width (W) of
concave part is the maximum interval (mm) from the start
point to end point of concave part. The height (h) of con-
vex part is the maximum height (Pm) of convex part from
the base material surface, and the depth (d) of concave
part is the maximum depth (Pm) of concave part from
the base material surface.
[0017] The adhesive sheet is required to be free from
such convex parts and concave parts of width (W) of 20
mm or less on the base material surface. If convex parts
or concave parts exceeding the width (W) of 20 mm are
present on the base material surface, by using the laser
dicing apparatus with height adjusting mechanism, the
apparatus can sufficiently correspond to height changes
of the workpiece flexible, and there is no problem.
[0018] In the adhesive sheet, the adhesive agent for
forming the adhesive layer is preferred to be a radiation
curing type adhesive. When using a radiation curing type
adhesive, the adhesiveness of the adhesive layer is low-
ered by irradiation with radiation (for example, ultraviolet
ray), and therefore after emitting radiation to the adhesive
layer after forming a reformed region, the adhesive sheet
can be peeled off easily.
[0019] Also in the adhesive sheet, the base material
is preferred to be free from necking property. The necking
property is a nature of elongating depending on the stress
until rupture in tensile strength test. When dicing into in-
dividual chips by expanding, in the case of a base mate-
rial having necking property, only the stressed portion is
expanded, and the stress is not applied uniformly to the
entire base material, and the central area is not diced
into individual chips. As a material free from necking prop-
erly, in particular, it is preferred to use polyvinyl chloride.

[0020] In the adhesive sheet, preferably, a separator
is disposed on the adhesive layer. By using the separator,
the laminated sheet (adhesive sheet) can be heated or
stored in roll. Or, before use of adhesive sheet, the sur-
face of the adhesive layer can be protected from dust
and foreign matter.
[0021] The invention relates then to a manufacturing
method of adhesive sheet for laser dicing characterized
by not heating a laminated sheet having at least an ad-
hesive layer on one side of a base material. Without heat
treatment of laminated sheet, partial deformation of base
material by heat can be prevented, and hence formation
of undulations on the base material surface can be sup-
pressed (see again claim 1).
[0022] The arithmetic average height Ra of the surface
of the base material not contacting with the adhesive lay-
er is preferred to be 0.4 Pm or more. When the laminated
sheet is taken up in roll, the surface of the base material
and the surface of the separator contact with each other,
but if the surface of the base material is too smooth (Ra
is less than 0.4 Pm), the base material tightly contacts
with the separator surface and does not slide smoothly.
When the rolled laminated sheet is heated in such state,
not only the base material shrinks, but also a pressure
is applied to the separator, and lots of local undulations
tend to be formed on the base material surface. Besides,
if the surface of the base material is too smooth, the fric-
tional force of base material and attraction stage increas-
es, and expanding is not uniform, and hence the work-
piece cannot be easily diced into individual chips.
[0023] The surface of the separator not contacting with
the adhesive layer is preferred to be in sprinkled or rough
structure. When taking up the laminated sheet in roll,
when the surface of the separator contacting with the
base material is in sprinkled or rough structure, the con-
tact tightness with the base material surface is lessened,
the sliding performance of the base material may be en-
hanced. As a result, if the base material shrinks by heat
treatment, since the sliding performance of the base ma-
terial and separator is excellent, local deformation is sup-
pressed, and local formation of undulations on the base
material surface can be prevented.
[0024] The invention further relates to a manufacturing
method of small pieces of element comprising a step of
adhering an adhesive layer of adhesive sheet for laser
dicing to one side of a workpiece, a step of forming a
reformed region in the workpiece by emitting laser beam,
a step of dicing the workpiece into individual chips by
expanding the adhesive sheet for laser dicing, and a step
of peeling off the adhesive sheet for laser dicing from the
separated workpiece (see claim 6).

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Fig. 1 is a schematic diagram showing a section of
adhesive sheet for laser dicing
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Fig. 2 is a schematic diagram showing an example of
dicing method of semiconductor wafer.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0026] A laser used in the invention is not particularly
specified as far as a reformed region can be formed in
the workpiece by multiple photon absorption, and usable
examples include a YAG laser having a transmission
wavelength of 1064 nm, a YVO4 laser, a YLF laser, and
a titanium sapphire laser. A proper type of laser can be
selected depending on the material of the workpiece. For
example, for a silicon wafer, it is preferred to use a YAG
laser.
[0027] The workpiece is not particularly limited as far
as a reformed region can be formed in the workpiece by
light absorption ablation of laser beam emitted from the
laser, and examples include sheet material, circuit board,
semiconductor wafer, glass substrate, ceramic sub-
strate, metal substrate, light emitting or detecting element
board of semiconductor laser, MEMS (micro-electrome-
chanical system) board, and semiconductor package.
[0028] The adhesive sheet for laser dicing manufac-
tured with the method of the present invention of the in-
vention is preferably used in preferably used in laser dic-
ing of semiconductor wafer, in particular.
[0029] The sheet material includes, for example, high
polymer films and nonwoven cloths made of polyimide
resin, polyester resin, epoxy resin, urethane resin, poly-
styrene resin, polyethylene resin, polyamide resin, poly-
carbonate resin, silicone resin, fluorine resin, and others,
sheets having physical or optical function by drawing
process or impregnating process of these resins, metal
sheets of copper, aluminum, stainless steel or the like,
or the high polymer films and/or metal sheets laminated
directly or by way of adhesive or the like.
[0030] The circuit board includes one-side or both-side
multilayer flexible printed board, rigid board of glass
epoxy, ceramic, or metal core board, optical circuit
formed on glass or polymer, and photo-electric mixed
circuit board.
[0031] An adhesive sheet 4 has at least an adhesive
layer 2 on one side of a base material 1 as shown in Fig.
1. To take up the laminated sheet in roll, a separator 3
may be disposed on the adhesive layer 2.
[0032] The forming material of a base material in-
cludes, for example, polyethylene terephthalate, polyeth-
ylene naphthalate, polystyrene, polycarbonate, polyim-
ide, (meth)acrylic polymer, polyurethane resin, polynor-
bornene resin, polyethylene glycol, polytramethylene
glycol, other polyalkylene glycol resin, silicone rubber,
polyethylene, polypropylene, polybutadiene, polyvinyl al-
cohol, ethylene-vinyl acetate copolymer (EVA), polyme-
thyl pentene, polyvinyl chloride, and other polyolefin res-
ins, but is not limited to these examples alone.
[0033] Above all, it is preferred to use a polymer free
from necking property, and examples of such polymer

include, among others, polybutadiene, EVA, polyvinyl
chloride, other polymers having rubber elasticity, alpha-
olefin polymer, and others. In particular, the base material
is preferred to be formed of soft vinyl chloride.
[0034] The base material may be either single layer or
plural layers.
[0035] The thickness of the base material may be prop-
erly adjusted within a range not sacrificing the handling
property or working efficiency in each process, such as
gluing to the workpiece, laser dicing of workpiece, and
peeling and collection of small pieces of element, and
usually it is about 50 Pm to 300 Pm, or preferably 50 Pm
to 150 Pm. One side of the base material may be treated,
for example, by common surface treatment for enhancing
the adhesion or holding property to the adhesive layer,
such as chromate treatment, ozone exposure, flame ex-
posure, high voltage electric shock exposure, ionization
radiation treatment, other chemical or physical treatment,
or coating treatment by undercoat paint (for example, by
adhesive substance mentioned below). The arithmetic
average height Ra of the surface of other side of the base
material is 0.4 Pm or more, and more preferably 0.5 Pm
or more. However, to prevent formation of undulations,
the arithmetic average height Ra is preferred to be I Pm
or less, and more preferably 0.9 Pm or less.
[0036] Forming materials of adhesive layer include
known adhesive materials including (meth)acrylic poly-
mer and rubber polymer.
[0037] Monomer components for forming (meth)acryl-
ic polymer are alkyl (meth)acrylates having alkyl radical
of straight chain or branch chain with 30 carbon atoms
or less, or preferably 4 to 18 carbon atoms, including, for
example, methyl radical, ethyl radical, n-propyl radical,
isopropyl radical, n-butyl radical, t-butyl radical, isobutyl
radical, amyl radical, isoamyl radical, hexyl radical, heptyl
radical, cyclohexyl radical, 2-ethyl hexyl radical, octyl rad-
ical, iso-octyl radical, nonyl radical, isononyl radical, de-
cynol radical, isodecyl radical, undecyl radical, lauryl rad-
ical, tridecyl radical, tetradecyl radical, stearyl radical, oc-
tadecyl radical, and dodecyl radical. These alkyl (meth)
acrylates may be used either alone or in combination of
two or more types.
[0038] In order to modify the adhesiveness, coagula-
tion or heat resistance of (meth)acrylic polymer, other
monomer components than mentioned above may be
copolymerized as required. Other monomers capable of
forming such polymers include, for example, acrylic acid
and methacrylic acid, carboxyethylacrylate and carbox-
ypentylacrylate, itaconic acid and maleic acid, fumaric
acid and crotonic acid or other monomer containing car-
boxyl radical, maleic anhydride and itaconic anhydride
or other monomer of acid anhydride, (meth)acrylic acid
2-hydroxyl ethyl and (meth)acrylic acid 2-hydroxyl propyl,
(meth)acrylic acid 4-hydroxyl butyl and (meth)acrylic acid
6-hydroxylhexyl, (meth)acrylic acid 8-hydroxyoctyl and
(meth)acrylic acid 10-hydroxyl decyl, (meth)acrylic acid
12-hydroxylauryl and (4-hydroxymethyl cy-
clohexyl)-methylacrylate or other monomer containing
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hydroxyl radical, styrene sulfonic acid and acrylic sulfonic
acid, 2-(meth)acrylic amide-2-methyl propane sulfonic
acid and (meth)acrylic amide propane sulfonic acid, sul-
fopropyl (meth)acrylate and (meth)acryloyl oxynaphtha-
lene sulfonic acid or other monomer containing sulfonic
acid radical, 2-hydroxy ethyl acryloyl phosphate or other
monomer containing phosphoric acid radical, (meth)
acrylic amide, (meth)acrylic acid N-hydroxymethyl
amide, (meth)acrylic acid alkyl aminoalkyl ester (for ex-
ample, dimethyl aminoethyl methacrylate), t-butyl ami-
noethyl methacrylate, etc.), N-vinyl pyrrolidone, acryloyl
morphorine, vinyl acetate, styrene, acrylonitrile, etc.
These monomer components may be used either alone
or in combination of two or more types.
[0039] In addition, for the purpose of crosslinking of
(meth)acrylic polymer or the like, multifunctional mono-
mers and the like may be added as required as monomer
component for copolymerization.
[0040] Examples of such monomer include hexanediol
di(meth)acrylate, (poly)ethyleneglycol di(meth)acrylate,
(poly)propyleneglycol di(meth)acrylate, neopentylglycol
di(meth)acrylate, pentaerythritol di(meth)acrylate, tri-
methylolpropane tri(meth)acrylate, tetramethylolmeth-
ane tetra(meth)acrylate, pentaerythritol tri(meth)acr-
ylate, pentaerythritol tetra(meth)acrylate, dipentaerythri-
tol monohydroxypenta(meth)acrylate, dipentaerythritol
hexa(meth)acrylate, epoxy (meth)acrylate, polyester
(meth)acrylate, urethane (meth)acrylate, and others.
One type or two or more types of multifunctional mono-
mer may be used.
[0041] The content of multifunctional monomer is pre-
ferred to be 30 wt% or less of the total monomer content
from the viewpoint of adhesiveness and others, and more
preferably 15 wt% or less.
[0042] To prepare (meth)acrylic polymer, various
methods may be applied, for example, solution polymer-
ization method of mixture containing one, two or more
types of monomer components, emulsification polymer-
ization method, block polymerization, and suspension
polymerization method.
[0043] Polymerization initiator includes peroxides
such as hydrogen peroxide, benzoyl peroxide, and t-butyl
peroxide. It is preferred to use alone, but it may be com-
bined with reducer to be used as redox polymerization
initiator. The reducer includes sulfite, hydrogen sulfite,
iron, copper, cobalt salt, or other ionized salt, trieth-
anolamine and other amines, aldose, ketose, and other
reducing sugar. An azo compound is also a preferred
polymerization initiator, and its example includes 2,2’-
azobis-2-methylpropio amidinate, 2,2’-azobis-2,4-dime-
thyl valeronitrile, 2,2’-azobis-N,N’-dimethylene isobutyl
amidinate, 2,2’-azobis isobutyronitrile, and 2,2’-azobis-
2-methyl-N-(2-hydroxy ethyl) propione amide. Two or
more types of these polymerization initiators may be used
in combination.
[0044] Reaction temperature is usually about 50 to
85°C, and the reaction time is about 1 to 8 hours. Among
the manufacturing method, solution polymerization is

preferred, and as solvent of (meth)acrylic polymer, gen-
erally, ethyl acetate, toluene, and other polar solvents
are used. The solution concentration is generally about
20 to 80 wt%.
[0045] The adhesive agent may be properly combined
with a crosslinking agent for raising the number-average
molecular weight of (meth)acrylic polymer used as base
polymer. Examples of crosslinking agent include polyiso-
cyanate compound, epoxy compound, aziridine com-
pound, melamione resin, urea resin, anhydrous com-
pound, polyamine, and polymer containing carboxyl rad-
ical. When the crosslinking agent is used, its content must
be determined so that the peel adhesive strength may
not be lowered too much, and generally it is preferred to
add by about 0.01 to 5 parts by weight in 100 parts by
weight of base polymer. The adhesive agent for forming
the adhesive layer may be also combined with other
known additives as required, in addition to the specified
components, such as adhesion improver, aging retard-
ant, filler, coloring matter, and others.
[0046] To improve peeling from workpiece, the adhe-
sive agent is preferred to be radiation curing type adhe-
sive which is cured by radiation such as ultraviolet ray or
electron ray. When a radiation curing type adhesive is
used as the adhesive agent, since the adhesive layer is
irradiated with radiation after laser processing, the base
material is preferred to have a sufficient radiation trans-
missivity.
[0047] The radiation curing type adhesive is not par-
ticularly limited as far as it is adhesive and has a radiation
curing functional group such as carbon-carbon double
bond. As the radiation curing type adhesive, for example,
a radiation curing type adhesive blending radiation curing
monomer component or oligomer component to the
above (meth)acrylic polymer may be used.
[0048] Examples of monomer component or oligomer
component of radiation curing type to be blended include
urethane; (meth)acrylate oligomer, trimethylol propane
tri(meth)acrylate, tetramethylol methane tetra(meth)acr-
ylate, pentaerythritol tri(meth)acrylate, pentaerythritol
tetra(meth)acrylate, dipentaerythritol monohydroxy pen-
ta(meth)acrylate, dipentaerythritol hexa(meth)acrylate,
1,4-butylene glycol di(meth)acrylate, and others. One
type or two or more types of monomer component or
oligomer component may be used.
[0049] The blending amount of radiation curing mon-
omer component or oligomer component is not particu-
larly specified, but considering the adhesiveness, it is
preferred to add by about 5 to 500 parts by weight in 100
parts by weight of base polymer such as (meth)acrylic
polymer for composing the adhesive agent, and more
preferably by about 60 to 150 parts by weight.
[0050] As the radiation curing type adhesive, further,
a base polymer having carbon-carbon double bond in
the polymer side chain, main chain or main chain end
may be used. Such base polymer is preferred to have
(meth)acrylic polymer as basic skeleton. In this case, ra-
diation curing type monomer component or oligomer
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component may not be added, and its use is free.
[0051] The radiation curing type adhesive should con-
tain a photopolymerization initiator when curing by ultra-
violet ray or the like. Examples of photopolymerization
initiator include 4-(2-hydroxyethoxy) phenyl (2-hydroxy-
2-propyl) ketone, α-hydroxy- α, α -methyl acetophenone,
methoxy acetophenone, 2,2-dimethoxy-2-phenyl ace-
tophenone, 2,2-diethoxy acetophenone, 1-hydroxy cy-
clohexyl phenyl ketone, 2-methyl-1-[4-(methylthio)-phe-
nyl]-2-morpholinopropane-1, other acetophenone com-
pounds, benzoin ethyl ether, benzoin isopropylether, an-
izoin methyl ether, other benzoin ether compounds, 2-
methyl-2-hydroxypropylphenone, other α-ketol com-
pounds, benzyl dimethyl ketal, other ketal compounds,
2-naphthalene sulfonyl chloride, other aromatic sulfonyl
chloride compounds, 1-phenone-1,1-propanedione-
2-(o-ethoxy carbonyl) oxime, other photoactive oxime
compounds, benzophenone and benzoyl benzoic acid,
3,3’-dimethyl-4-methoxybenzophenone, other benzo-
phenone compounds, thioxanthone, 2-chlorothioxantho-
ne, 2-methyl thioxanthone, 2,4-dimethyl thioxanthone,
isopropyl thioxanthone, 2,4-dichlorothoixanthone, 2,4-
diethyl thioxanthone, 2,4-diisopropyl thioxanthone, other
thioxanthone compounds, and also campher quinone,
ketone halide, acyl phosphino oxide, acyl phosphoanate,
etc.
[0052] The content of photopolymerization initiator is
preferred to be about 0.1 to 10 parts by weight in 100
parts by weight of base polymer such as (meth)acrylic
polymer for composing the adhesive agent, or more pref-
erably about 0.5 to 10 parts by weight.
[0053] The adhesive sheet for laser dicing is manufac-
tured by applying an adhesive solution to the surface of
the base material, drying (heating and crosslinking as
required), and forming an adhesive layer. In other meth-
od, an adhesive layer is formed on a peeling liner, and it
is glued to a base material.
[0054] The adhesive layer is preferred to be low in con-
tent of low molecular substance from the viewpoint of
prevention of contamination on workpiece. From such
point of view, the number-average molecular weight of
(meth)acrylic polymer is preferred to be 300,000 or more,
more preferably 400,000 to 3,000,000.
[0055] The thickness of adhesive layer may be prop-
erly selected within a range not peeling from the work-
piece, and is preferred to be about 4 Pm to 50 Pm, more
preferably about 5 Pm to 20 Pm.
[0056] The adhesive strength of adhesive layer is pre-
ferred to be 20 N/20 mm or less on the basis of adhesive
strength (90-degree peel value, peeling speed 300
mm/min) at ordinary temperature (before laser emission)
on SUS304, and more preferably 0.001 to 10 N/20 mm,
or further preferably 0.01 to 8 N/20 mm.
[0057] On the surface of adhesive layer of adhesive
sheet for laser dicing a separator is disposed for protect-
ing the adhesive layer for labeling, or for the ease of heat
treatment or storage by taking up the laminated sheet in
roll.

[0058] The separator forming material includes poly-
ether ether ketone, polyether imide, polyallylate, polyeth-
ylene naphthalate, polyethylene film, polypropylene film,
polybutene film, polybutadiene film, polymethyl pentene
film, polyvinyl chloride film, vinyl chloride copolymer film,
polyethylene terephthalate film, polybutylene terephtha-
late film, polyurethane film, ethylene-vinyl acetate copol-
ymer film, ionomer resin film, ethylene-(meth)acrylic acid
copolymer film, ethylene-(meth)acrylate ester copolymer
film, polystyrene film, polycarbonate film, and other plas-
tic films.
[0059] One side of the separator may be treated for
enhancing the peeling property from the adhesive layer,
as required, by silicone process, long-chain alkyl proc-
ess, fluorine process, or other peeling process. Further,
as required, ultraviolet transmission preventive treatment
may be applied to prevent reaction of adhesive sheet for
laser dicing by environmental ultraviolet ray. The thick-
ness of the separator is usually about 5 Pm to 200 Pm,
preferably 25 Pm to 100 Pm, and more preferably 38 Pm
to 60 Pm.
[0060] The surface of the separator not contacting with
the adhesive layer is preferred to be in sprinkled or rough
structure. These shapes can be formed by sand blasting
or chemical etching. The separator can be also formed
by using metal roll or rubber roll. The arithmetic average
height Ra of the surface of the separator not contacting
with the adhesive layer is preferred to be 0.2 Pm to 2 Pm,
and more preferably 0.3 Pm to 1.5 Pm. If the arithmetic
average height Ra is less than 0.2 Pm, when the lami-
nated sheet (adhesive sheet) is taken up in roll, the ad-
hesion with the surface of base material increases, and
the base material is likely to be integrated with the sep-
arator. When the rolled laminated sheet is heated in such
state, not only the base material shrinks, but also a pres-
sure is applied to the separator, and lots of local undu-
lations tend to be formed on the base material surface.
On the other hand, when the arithmetic average height
Ra is more than 2 Pm, convex part and concave part
shapes of the separator are transferred on the base ma-
terial surface, and convex parts of more than 1 Pm in
height (h) or concave parts of more than 1 Pm in depth
(d) may be formed on the base material surface.
[0061] The laminated sheet having a separator on the
adhesive layer is heated in rolled state. By heating the
laminated sheet, the characteristics of the adhesive are
stabilized. In heat treatment, the temperature is in a range
of 30 °C to 60 °C, and the treatment time is about 12 to
100 hours. The adhesive sheet thus manufactured is free
from convex parts of width (W) of 20 mm or less and
height (h) of 1 Pm or more, and concave parts of width
(W) of 20 mm or less and depth (d) of 1 Pm or more, at
least on the base material surface not contacting with the
adhesive layer.
[0062] A manufacturing method of small pieces of el-
ement by light absorption ablation of laser beam by using
the adhesive sheet is explained below.
[0063] In the case of laser dicing process of semicon-
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ductor wafer, as shown in Fig. 2, one side of semicon-
ductor wafer 5 is glued to the adhesive sheet 4, manu-
factured according to the method of the present inven-
tion, disposed on the attraction stage 6, and the laser
beam 7 emitted from a specified laser oscillator is focused
to illuminate the inside of the semiconductor wafer 5 by
a lens, and the laser illuminated position is moved along
the specified processing line, so that a reformed region
is formed inside the semiconductor wafer 5. The laser
beam moving means is realized by any known laser
processing method, such as galvano scan, X-Y stage
scan, mask, or imaging process. A protective sheet 8
may be provided at the laser beam incident side of the
semiconductor wafer 5.
[0064] After forming a reformed region in the semicon-
ductor wafer, by expanding the adhesive sheet, the sem-
iconductor wafer is cut from the reformed region, and
adjacent small pieces of element (semiconductor chips)
are broken apart. Then, by the known die bonder or sim-
ilar device, the small pieces of element are picked up by
using a poking pin known as needle, or the small pieces
of element are picked up and collected by known method
such as the method disclosed in JP-A-2001-118 862.
[0065] In the manufacturing method of small pieces of
element of the invention, after dicing into small pieces of
element by expanding, the adhesive sheet 4 is peeled
off, and the small pieces of element are collected. The
peeling method is not particularly specified, but it is im-
portant not to apply stress to cause permanent deforma-
tion of small pieces of element at the time of peeling. For
example, when a radiation curing type adhesive is used
for the adhesive layer 2 of the adhesive sheet 4, radiation
is applied depending on the material of the adhesive
agent, and the adhesive layer is cured and the adhesive-
ness is lowered. By application of radiation, the adhe-
siveness of the adhesive layer is lowered by curing, and
it is peeled easily. Application means of radiation is not
specified, and, for example, ultraviolet ray may be ap-
plied.

EXAMPLES

Measurement of number-average molecular weight

[0066] Number-average molecular weight of synthe-
sized (meth)acrylic polymer was measured in the follow-
ing method. The synthesized (meth)acrylic polymer was
dissolved in THF at 0.1 wt.%, and the number-average
molecular weight was measured by converting into pol-
ystyrene by using GPC (gel permeation chromatogra-
phy). The measuring conditions are as follows.
GPC apparatus: HLC-8120GPC of TOSOH CORPORA-
TION
Column: (GMHHR-H)+(GMHHR-H)+(G2000HHR), of
TOSOH CORPORATION
Flow rate: 0.8 mL/min
Concentration: 0.1 wt.%
Injection volume: 100 PL

Column temperature: 40°C
Eluate: THF

Measurement of arithmetic average height (Ra)

[0067] Measured according to JIS B 0601-2001. The
measuring apparatus was P-11 (contact type) of Tencor
Corporation.

Example 1

[0068] In ethyl acetate, 70 parts by weight of methyl
acrylate, 30 parts by weight of butyl acrylate, and 5 parts
by weight of acrylic acid were copolymerized, and a so-
lution containing acrylic polymer of number-average mo-
lecular weight of 800,000 was obtained. In this solution,
60 parts by weight of dipentaerythritol hexacrylate (KA-
YARAD DPHA of NIPPON KAYAKU Co., Ltd.), 5 parts
by weight of radical polymerization initiator (IRGACURE
651 of Ciba Specialty Chemicals Co., Ltd.), and 3 parts
by weight of polyisocyanate compound (Coronate L of
NIPPON POLYURETHANE INDUSTRY CO., LTD) were
added, and an ultraviolet curing type acrylic adhesive
agent was prepared.
[0069] The adhesive agent was applied on one side of
a soft vinyl chloride film (thickness 80 Pm), and heated
and dried, and an ultraviolet curing type adhesive layer
(thickness 5 Pm) was formed. A separator (Lumirror S-
10 of Toray Industries CO., LTD, polyester film of 38 Pm
in thickness with peeling treatment applied on the adhe-
sive layer gluing side) was glued to the adhesive layer,
and a laminated sheet was manufactured. The arithmetic
average height (Ra) of the surface of the soft vinyl chlo-
ride film not contacting with the adhesive layer was 0.72
Pm. The arithmetic average height (Ra) of the surface of
the separator not contacting with the adhesive layer was
0.03 Pm.
[0070] The fabricated laminated sheet was taken up
in roll, and a laminated sheet roll was formed, and it was
heated for 24 hours at 50 °C. After heat treatment, the
adhesive sheet for laser dicing (100 mm � 100 mm) was
cut out from the laminated sheet roll, and the arithmetic
average height (Ra) of the surface of the soft vinyl chlo-
ride film not contacting with the adhesive layer was meas-
ured, and the minimum value was 0.48 Pm.
[0071] The adhesive sheet was glued to the polished
side (reverse side) of the silicon wafer, the base material
surface of the adhesive sheet glued to the silicon wafer
was observed by laser microscope, and the surface was
free from convex parts of width (W) of 20 mm or less and
height (h) of 1 Pm or more, and concave parts of width
(W) of 20 mm or less and depth (d) of 1 Pm or more.

Example 2

[0072] In toluene, 70 parts by weight of butyl acrylate,
30 parts by weight of 2-ethyl hexyl acrylate, and 5 parts
by weight of acrylic acid were copolymerized, and a so-
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lution containing acrylic polymer of number-average mo-
lecular weight of 700,000 was obtained. In this solution,
30 parts by weight of dioctyl phthalate, and 5 parts by
weight of polyisocyanate compound (Coronate L of NIP-
PON POLYURETHANE INDUSTRY CO., LTD) were
added, and an ultraviolet curing type acrylic adhesive
agent was prepared.
[0073] The adhesive agent was applied on one side of
a soft vinyl chloride film (thickness 70 Pm), and heated
and dried, and an ultraviolet curing type adhesive layer
(thickness 10 Pm) was formed. A separator (Lumirror S-
10 of Toray Industries CO., LTD, polyester film of 38 Pm
in thickness with peeling treatment applied on the adhe-
sive layer gluing side) was glued to the adhesive layer,
and a laminated sheet was manufactured. The arithmetic
average height (Ra) of the surface of the soft vinyl chlo-
ride film not contacting with the adhesive layer was 0.58
Pm. The surface of the separator not contacting with the
adhesive layer was roughened by sand blasting before
gluing. The arithmetic average height (Ra) of the surface
was 0.33 Pm.
[0074] The fabricated laminated sheet was taken up
in roll, and a laminated sheet roll was formed, and it was
heated for 24 hours at 50 °C. After heat treatment, the
adhesive sheet for laser dicing (100 mm x 100 mm) was
cut out from the laminated sheet roll, and the arithmetic
average height (Ra) of the surface of the soft vinyl chlo-
ride film not contacting with the adhesive layer was meas-
ured, and the minimum value was 0.44 Pm.
[0075] The adhesive sheet was glued to the polished
side (reverse side) of the silicon wafer, the base material
surface of the adhesive sheet glued to the silicon wafer
was observed by laser microscope, and the surface was
free from convex parts of width (W) or 20 mm or less and
height (h) of 1 Pm or more, and concave parts of width
(W) of 20 mm or less and depth (d) of 1 Pm or more.

Example not being part of the present invention

[0076] An ultraviolet curing type acrylic adhesive agent
was prepared in the same manner as in Example 1. The
adhesive agent was applied on the surface of poly- α
-olefin film (thickness 80 Pm) having corona treatment
applied on one side, and heated and dried, and an ultra-
violet curing type adhesive layer (thickness 5 Pm) was
formed. A separator (Lumirror S-10 of Toray Industries
CO., LTD, polyester film of 38 Pm in thickness with peel-
ing treatment applied on the adhesive layer gluing side)
was glued to the adhesive layer, and an adhesive sheet
for laser dicing was manufactured. The arithmetic aver-
age height (Ra) of the surface of the poly- a -olefin film
not contacting with the adhesive layer was 0.55 Pm. The
arithmetic average height (Ra) of the surface of the sep-
arator not contacting with the adhesive layer was 0.03
Pm.
[0077] The adhesive sheet (100 mm x 100 mm) was
glued to the polished side (reverse side) of the silicon
wafer, the base material surface of the adhesive sheet

glued to the silicon wafer was observed by laser micro-
scope, and the surface was free from convex parts of
width (W) of 20 mm or less and height (h) of 1 Pm or
more, and concave parts of width (W) of 20 mm or less
and depth (d) of 1 Pm or more.

Example not being part of the present invention

[0078] An ultraviolet curing type acrylic adhesive agent
was prepared in the same manner as in Example 2. The
adhesive agent was applied on the surface of EVA film
(thickness 115 Pm) having corona treatment applied on
one side, and heated and dried, and an ultraviolet curing
type adhesive layer (thickness 10 Pm) was formed. A
separator (Lumirror S-10 of Toray Industries CO., LTD,
polyester film of 38 Pm in thickness with peeling treat-
ment applied on the adhesive layer gluing side) was glued
to the adhesive layer, and an adhesive sheet for laser
dicing was manufactured. The arithmetic average height
(Ra) of the surface of the EVA film not contacting with
the adhesive layer was 0.53 Pm. The arithmetic average
height (Ra) of the surface of the separator not contacting
with the adhesive layer was 0.03 Pm.
[0079] The adhesive sheet (100 mm x 100 mm) was
glued to the polished side (reverse side) of the silicon
wafer, the base material surface of the adhesive sheet
glued to the silicon wafer was observed by laser micro-
scope, and the surface was free from convex parts of
width (W) of 20 mm or less and height (h) of 1 Pm or
more, and concave parts of width (W) of 20 mm or less
and depth (d) of 1 Pm or more.

Evaluation tests

[0080] The adhesive sheets manufactured in Exam-
ples were evaluated in the following tests.

(1) Tensile test

[0081] A fabricated adhesive sheet was cut in a size
of 10 mm in width and 100 mm in length, and the stress
in tensile state was measured by using Tensilon. The
pulling speed was 300 mm/min.
[0082] As a result, in the adhesive sheets of Examples
1 to 4, the stress increased depending on the tensile
amount, and an S-S curve rising rightward was obtained.

(2) Expansion test

[0083] A fabricated adhesive sheet was adhered to the
polished side (reverse side) of the silicon wafer (thick-
ness 50 Pm), and the silicon wafer was diced by laser.
As the laser, YAG laser with wavelength of 1064 mm was
used. By using a focusing lens, the light was focused into
a spot inside the silicon wafer. Then the silicon wafer was
expanded by 20 mm by using an expander. As a result,
in Examples 1 to 4, the small pieces of element were
neatly separated completely.
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Claims

1. A method of manufacturing an adhesive sheet (4)
for laser dicing, comprising the following steps:

- a step of disposing an adhesive layer (2) on
one side of a base material (1);
- a step of fabricating a laminated sheet by stack-
ing a separator (3) on the adhesive layer (2); and
- a step of fabricating a rolled laminated sheet
by taking up the laminated sheet in a roll,

wherein the arithmetic average height Ra of the sur-
face of the base material (1) not contacting with the
adhesive layer (2) is 0.4 Pm or more,
characterised in that the method further comprises
the step of heating the rolled laminated sheet at a
temperature of 30 °C to 60 °C for 12 to 100 hours,
so that the base material surface not contacting with
the adhesive layer (2) is free from convex parts of
width (W) of 20 mm or less and height (h) of 1 Pm
or more, and concave parts of width (W) of 20 mm
or less and depth (d) of 1 Pm or more after the step
of heating.

2. The method according to claim 1,
wherein the adhesive agent used for forming the ad-
hesive layer (2) is a radiation curing type adhesive.

3. The method according to claims I or 2,
wherein the base material (1) used for the adhesive
sheet (4) is free from necking property.

4. The method according to any of claims 1 to 3,
wherein the base material (1) used for the adhesive
sheet (4) contains polyvinyl chloride as a resin com-
ponent.

5. The method according to any of claims 1 to 4,
wherein a separator (3) is used the surface of which,
not contacting with the adhesive layer (2) is in sprin-
kled or rough structure.

6. A method of producing small pieces of a workpiece
comprising the following steps:

- manufacturing an adhesive sheet using the
method according to any of claims 1 to 5
- a step of adhering an adhesive layer (2) of the
adhesive sheet (4) obtained by a method ac-
cording to any of claims 1 to 5 to one side of a
workpiece,
- a step of forming a reformed region in the work-
piece by emitting a laser beam,
- a step of dicing the workpiece into individual
chips by expanding the adhesive sheet (4) for
laser dicing, and
- a step of peeling of the adhesive sheet (4) for

laser dicing from the separated workpiece.

Patentansprüche

1. Verfahren zum Herstellen eines haftenden Flächen-
körpermaterials (4) für die Laser-Vereinzelung, wo-
bei das Verfahren folgende Schritte aufweist:

- einen Schritt zum Anordnen einer Haftschicht
(2) auf der einen Seite eines Basismaterials (1);
- einen Schritt zum Herstellen eines laminierten
Flächenkörpermaterials durch Anbringen eines
Trennmaterials (3) auf der Haftschicht (2); und
- einen Schritt zum Herstellen eines aufgerollten
laminierten Flächenkörpermaterials durch Auf-
nehmen des laminierten Flächenkörpermateri-
als in Form einer Rolle,

wobei die arithmetische durchschnittliche Höhe Ra
der Oberfläche des Basismaterials (1), die nicht mit
der Haftschicht (2) in Kontakt steht, 0,4 Pm oder
mehr beträgt,
dadurch gekennzeichnet,
daß das Verfahren weiterhin den Schritt aufweist, in
dem das aufgerollte laminierte Flächenkörpermate-
rial bei einer Temperatur von 30 °C bis 60 °C für 12
bis 100 Stunden erwärmt wird, so daß nach dem
Erwärmungsschritt die nicht mit der Haftschicht (2)
in Kontakt stehende Basismaterialoberfläche frei
von konvexen Bereichen mit einer Breite (W) von 20
mm oder weniger und mit einer Höhe (h) von 1 Pm
oder mehr ist und frei von konkaven Bereichen mit
einer Breite (W) von 20 mm oder weniger und mit
einer Tiefe (d) von 1 Pm oder mehr ist.

2. Verfahren nach Anspruch 1,
wobei der für die Haftschicht (2) verwendete Kleb-
stoff ein Klebstoff von dem Typ ist, der unter Strah-
lung aushärtet.

3. Verfahren nach Anspruch 1 oder 2,
wobei das für das haftende Flächenkörpermaterial
(4) verwendete Basismaterial (1) frei von Einziehei-
genschaften ist.

4. Verfahren nach einem der Ansprüche 1 bis 3,
wobei das für das haftende Flächenkörpermaterial
(4) verwendete Basismaterial (1) Polyvinylchlorid als
Harzkomponente enthält.

5. Verfahren nach einem der Ansprüche 1 bis 4,
wobei ein Trennmaterial (2) verwendet wird, dessen
nicht mit der Haftschicht (2) in Berührung stehende
Oberfläche eine gesprenkelte oder rauhe Struktur
aufweist.

6. Verfahren zum Herstellen von kleinen Stücken eines
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Werkstücks, das folgende Schritte aufweist:

- Herstellen eines haftenden Flächenkörperma-
terials unter Verwendung des Verfahrens nach
einem der Ansprüche 1 bis 5,
- einen Schritt zum haftenden Anbringen einer
Haftschicht (2) des haftenden Flächenkörper-
materials (4), das mit einem Verfahren nach ei-
nem der Ansprüche 1 bis 5 gebildet worden ist,
an der einen Seite eines Werkstücks,
- einen Schritt zum Bilden eines reformierten Be-
reiches in dem Werkstück durch Emittieren ei-
nes Laserstrahls,
- einen Schritt zum Vereinzeln des Werkstücks
in einzelne Chips unter Expandieren des haften-
den Flächenkörpermaterials (4) für die Laser-
Vereinzelung, und
- einen Schritt zum Abziehen des haftenden Flä-
chenkörpermaterials (4) für die Laser-Vereinze-
lung von dem separierten Werkstück.

Revendications

1. Procédé de fabrication d’une feuille adhésive (4)
destinée à être découpée au laser, comprenant les
étapes suivantes:

- une étape consistant à disposer une couche
adhésive (2) sur un côté d’un matériau de base
(1);
- une étape consistant à fabriquer une feuille
stratifiée en empilant un séparateur (3) sur la
couche adhésive (2); et
- une étape consistant à fabriquer une feuille
stratifiée enroulée en rassemblant la feuille stra-
tifiée en un rouleau,

dans lequel la hauteur moyenne arithmétique Ra de
la surface du matériau de base (1) qui n’est pas en
contact avec la couche adhésive (2) est de 0,4 Pm
ou plus,
caractérisé en ce que le procédé comprend en
outre l’étape consistant à chauffer la feuille stratifiée
enroulée à une température de 30 °C à 60 °C pen-
dant 12 à 100 heures, de sorte que la surface du
matériau de base qui ne vient pas en contact avec
la couche adhésive (2) est dépourvue de parties con-
vexes d’une largeur (W) de 20 mm ou moins et d’une
hauteur (h) de 1 Pm ou plus, et de parties concaves
d’une largeur (W) de 20 mm ou moins et d’une pro-
fondeur (d) de 1 Pm ou plus après l’étape de chauf-
fage.

2. Procédé selon la revendication 1,
dans lequel l’agent adhésif utilisé pour former la cou-
che adhésive (2) est un adhésif du type qui durcit
sous l’application de rayonnement.

3. Procédé selon les revendications 1 ou 2,
dans lequel le matériau de base (1) utilisé pour la
feuille adhésive (4) est dépourvu de propriété de
striction.

4. Procédé selon l’une quelconque des revendications
1 à 3,
dans lequel le matériau de base (1) utilisé pour la
feuille adhésive (4) contient du chlorure de polyvinyle
à titre de composant de résine.

5. Procédé selon l’une quelconque des revendications
1 à 4,
dans lequel on utilise un séparateur (3) dont la sur-
face qui n’est pas en contact avec la couche adhé-
sive (2) présente une structure mouchetée ou ru-
gueuse.

6. Procédé pour produire des petits morceaux à partir
d’un matériau à oeuvrer, comprenant les étapes sui-
vantes:

- fabrication d’une feuille adhésive en utilisant
le procédé selon l’une quelconque des revendi-
cations 1 à 5;
- une étape consistant à faire adhérer une cou-
che adhésive (2) de la feuille adhésive (4) obte-
nue par un procédé selon l’une quelconque des
revendications 1 à 5 sur un côté d’un matériau
à oeuvrer,
- une étape consistant à réaliser une région re-
formée dans le matériau à oeuvrer en émettant
un faisceau laser ;
- une étape consistant à découper le matériau
à oeuvrer en morceaux individuels en déroulant
la feuille adhésive (4) pour sa découpe au laser,
et
- une étape consistant à peler la feuille adhésive
(4) pour la découpe au laser depuis le matériau
à oeuvrer séparé.
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